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CLAIMS 

1 . A wiring structure of a semiconductor device 
comprising: 

a first conducting layer for electrically 
5 connecting with a semiconductor element or a wiring 

element formed on a semiconductor substrate; 

a barrier metal formed on the first conducting 
layer; and 

a second conducting layer formed on the barrier 
10 metal, for electrically connecting with the first 

conducting layer via the barrier metal, 

wherein the barrier metal is formed of WN X 
(tungsten nitride) or WSi x N y (tungsten silicide 
nitride ) . 

15 2. The wiring structure according to claim 1, 

wherein an insulating layer is interposed between the 
first conducting layer and the second conducting layer, 
for electrically isolating both layers from each other, 
a hole is formed in the insulating layer so as to pass 

20 through the insulating layer, the first conducting 

layer and the second conducting layer are electrically 
connected through the hole by way of the barrier metal, 

3, The wiring structure according to claim 2, 
wherein the barrier metal is interposed between the 

25 first conducting layer and the second conducting layer, 

and between the insulating layer and the second 
conducting layer. 
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4. The wiring structure according to claim 3, 
wherein at least one of the first and second conducting 
layers is formed of Cu and the insulating layer is 
formed of SiC>2 m 
5 5. The wiring structure according to claim 2 

or 3, wherein the hole is a via-hole. 

6. The wiring structure according to claim 5, 
wherein one of the first conducting layer and the 
second conducting layer is formed of any one of Al , W, 

10 and Cu; and the other one of the first conducting layer 

and the second conducting layer is formed of W or Cu . 

7. The wiring structure according to claim 2 or 3 
wherein the hole is a contact hole. 

8. The wiring structure according to claim 7, 
15 wherein one of the first conducting layer and the 

second conducting layer is formed of any one of Al , W, 
and Cu; and the other one of the first conducting layer 
and the second conducting layer is formed of Si. 

9. An electrode of a circuit element formed on 
20 a semiconductor substrate, comprising 

a polysilicon layer; 

a barrier metal formed on the polysilicon layer; 

and 

a metal layer formed on the barrier metal, 
2 5 wherein the barrier metal is formed of WN X 

(tungsten nitride) or WSi x Ny (tungsten silicide 
nitride ) . 
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10. The electrode according to claim 9, wherein 
the electrode is a gate electrode of a transistor; the 
polysilicon layer is formed on a gate oxide film formed 
between a source and a drain of the transistor. 
5 11. The electrode according to claim 9 or 10, 

wherein the metal layer is formed of W or Cu. 

12. The electrode according to claim 11, wherein 
the gate oxide film is formed of any one of SiC>2/ SiOF, 

Ta 2°5' and CF x* 
10 13. A gate electrode of a transistor formed on 

a semiconductor substrate, comprising: 

a gate oxide film formed between a source and 

a drain of the transistor; 

a barrier metal formed on the gate oxide film; and 
15 a metal layer formed on the barrier metal, 

wherein the barrier metal is formed of WN X 

(tungsten nitride) or WSi x Ny (tungsten silicide 

nitride ) . 

14. The electrode according to claim 9, wherein 
20 the electrode is a capacitor electrode and the 

polysilicon layer is formed on an insulating film. 

15. The electrode according to claim 14, wherein 
the metal layer is formed of any one of Al, W, and Cu. 

16. The electrode according to claim 15, wherein 
25 the insulating film is formed of formed of any one of 

Si02 , SiOF, Ta2C>5, and CF X . 

17. A method of forming a wiring structure of 
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a semiconductor device, comprising: 

forming a first conducting layer by depositing 
a metal film on an insulating film of the semiconductor 
substrate ; 

5 forming an interlayer insulating film over an 

entire surface of the semiconductor substrate so as to 
cover the first conducting layer from the above; 

forming a connecting hole at a predetermined 
position of the interlayer insulating film so as to 
10 pass the interlayer insulating film and reach the first 

conducting layer; 

forming a barrier metal of WN X (tungsten nitride) 
or WSi x Ny (tungsten silicide nitride) on from an inner 
surface of the connecting hole to a surface of the 
15 first conducting layer exposed in a bottom portion of 

the connecting hole; and 

depositing a metal film on the barrier metal and 
simultaneously fill the connecting hole with the metal 
film, thereby forming a second conducting layer 
20 electrically connected with the first conducting layer 

via the barrier metal. 

18. The method according to claim 17, wherein at 
least one of the first and second conducting layers is 
formed of Cu and the interlayer insulating film is 

25 formed of Si02- 

19. The method according to claim 17, wherein 
the connecting hole is a via-hole. 
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20. The method according to claim 19, wherein one 
of the first conducting layer and the second conducting 
layer is formed of any one of Al, W, and Cu; and 

the other one of the first conducting layer 
5 and the second conducting layer is formed of either W 

or Cu . 

21. The method according to claim 17, wherein the 
connecting hole is a contact hole. 

22. The method according to claim 21, wherein one 
10 of the first conducting layer and the second conducting 

layer is formed of any one of Al, W, and Cu, and the 
other one of the first conducting layer and the second 
conducting layer is formed of Si. 

23. The method according to claim 17, wherein the 
15 step of forming the barrier metal comprises a first 

step for forming a W (tungsten) film or a WSi film over 
an inner surface of the connecting hole and a surface 
of the first conducting layer exposed in a bottom 
surface of the connecting hole; and a second step of 
20 nitriding the W film or the WSi film to form a WN X 

(tungsten nitride) film or a WSi x Ny (tungsten silicide 
nitride) film. 

24. A method of forming a gate electrode of 
a transistor formed on a semiconductor substrate, 

25 comprising 

forming a barrier metal of WN X (tungsten nitride) 
or WSi x N y (tungsten silicide nitride) on a gate 



oxide film formed between a source and a drain of 
a transistor; and 

forming a metal layer on the barrier metal. 

25. A method of forming a gate electrode of 
a transistor formed on a semiconductor substrate; 
comprising 

forming a polysilicon layer on a gate oxide film 
formed between a source and a drain of a transistor; 

forming a barrier metal of WN X (tungsten nitride) 
or WSi x N y (tungsten silicide nitride) on the 
polysilicon layer; and 

forming a metal layer on the barrier metal. 

26. The method according to claim 24 or 25 , 
wherein the metal layer is formed of W or Cu. 

27. The method according to claim 24 or 25, 
wherein the gate oxide film is formed any one of SiC>2 , 
SiOF, Ta 2 0 5 , and CF X . 
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CLAIMS 

1. (amended) A wiring structure of a 
semiconductor device comprising: 

a first metal layer formed on a semiconductor 
5 substrate; 

a barrier metal formed on the first metal layer; 
a second metal layer formed on the barrier metal 
for electrically connecting with the first metal layer 
via the barrier metal, 
10 wherein the barrier metal is formed of WN X 

(tungsten nitride) or WSi x N y (tungsten silicide 
nitride ) . 

2. (amended) The wiring structure according to 
claim 1, wherein an insulating layer is interposed 

15 between the first metal layer and the second metal 

layer for electrically isolating both layers from each 
other, a hole is formed in the insulating layer so as 
to pass through the insulating layer, and the first 
metal layer and the second metal layer are electrically 

2 0 connected through the hole by way of the barrier metal. 

3. (amended) The wiring structure according to 
claim 2, wherein the barrier metal is interposed 
between the first metal layer and the second metal 
layer, and between the insulating layer and the second 

25 metal layer. 
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4. (amended) The wiring structure according to 
claim 3, wherein at least one of the first and second 
metal layers is formed of Cu and the insulating layer 
is formed of SiC>2 . 
5 5. The wiring structure according to claim 2 or 

3, wherein the hole is a via-hole. 

6. (amended) The wiring structure according to 
claim 5, wherein one of the first metal layer and the 
second metal layer is formed of any one of Al, W, and 

10 Cu; and the other one of the first metal layer and the 

second metal layer is formed of W or Cu. 

7. (deleted) 

8. (deleted) 

9. (amended) An electrode of a circuit element 
15 formed on a semiconductor substrate, comprising: 

a polysilicon layer; 

a barrier metal formed on the polysilicon layer; 

and 

a metal layer formed on the barrier metal, 
2 0 wherein the barrier metal is formed of WSi x N y 

(tungsten silicide nitride). 
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10. (amended) The electrode according to claim 9, 
wherein the electrode is a gate electrode of a 
transistor; the polysilicon layer is formed on a gate 
insulating film formed between a source and a drain of 

5 the transistor. 

11. The electrode according to claim 9 or 10, 
wherein the metal layer is formed of W or Cu. 

12. (amended) The electrode according to claim 11, 
wherein the gate insulating film is formed of any one 

10 of SiC>2, SiOF, Ta2C>5, and CF X . 

13. (amended) A gate electrode of a transistor 
formed on a semiconductor substrate, comprising: 

a gate insulating film formed between a source and 
a drain of the transistor; 
15 a barrier metal formed on the gate insulating 

film; and 

a metal layer formed on the barrier metal, 
wherein the barrier metal is formed of WSi x Ny 
(tungsten silicide nitride). 
20 14. The electrode according to claim 9, wherein 

the electrode is a capacitor electrode and the 
polysilicon layer is formed on an insulating film. 

15. The electrode according to claim 14, wherein 
the metal layer is formed of any one of Al, W, and Cu. 
25 16. The electrode according to claim 15, wherein 

the insulating film is formed of any one of SiC>2, SiOF, 

Ta 2°5' and CF x- 
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17. (amended) A method of forming a wiring 
structure of a semiconductor device, comprising: 

forming a first metal layer by depositing a metal 
film on an insulating film of the semiconductor device; 
5 forming an interlayer insulating film over an 

entire surface of the semiconductor substrate so as to 
cover the first metal layer from the above; 

forming a connecting hole at a predetermined 
position of the interlayer insulating film so as to 
10 pass the interlayer insulating film and reach the first 

metal layer; 

forming a barrier metal of WN X (tungsten nitride) 
or WSi x Ny (tungsten silicide nitride) on from an inner 
surface of the connecting hole to a surface of the 

15 first metal layer exposed in a bottom portion of the 

connecting hole; and 

depositing a metal film on the barrier metal and 
simultaneously fill the connecting hole with the metal 
film, thereby forming a second metal layer electrically 

20 connected with the first metal layer via the barrier 

metal . 

18. (amended) The method according to claim 17, 
wherein at least one of the first and second metal 
layers is formed of Cu and the interlayer insulating 

25 film is formed of SiC>2. 

19. The method according to claim 17, wherein the 
connecting hole is a via-hole. 



20. (amended) The method according to claim 19, 
wherein one of the first metal layer and the second 
metal layer is formed of any one of Al, W, and Cu; and 

the other one of the first metal layer and the 
second metal layer is formed of either W or Cu. 

21 . (deleted) 

22 . (deleted) 

23. (amended) The method according to claim 17, 
wherein the step of forming the barrier metal comprises 
a first step for forming a W (tungsten) film or a WSi 
film on from an inner surface of the connecting hole to 
a surface of the first metal layer exposed in a bottom 
surface of the connecting hole; and a second step of 
nitriding the W film or the WSi film to form a WN X 
(tungsten nitride) film or a WSi x Ny (tungsten silicide 
nitride) film. 

24. (amended) A method of forming a gate electrode 
of a transistor formed on a semiconductor substrate, 
comprising 

forming a barrier metal of WSi x Ny (tungsten 
silicide nitride) on a gate insulating film formed 
between a source and a drain of a transistor; and 

forming a conducting layer on the barrier metal. 



36 

25. (amended) A method of forming a gate electrode 
of a transistor formed on a semiconductor substrate; 
comprising 

forming a polysilicon layer on a gate insulating 
5 film formed between a source and a drain of a 

transistor; 

forming a barrier metal of WSi x Ny (tungsten 
silicide nitride) on the polysilicon layer; and 

forming a conducting layer on the barrier metal, 
10 26. (amended) The method according to claim 2 4 or 

25, wherein the conducting layer is formed of W or Cu . 

27. (amended) The method according to claim 2 4 or 
25, wherein the gate insulating film is formed any one 
of SiC>2, SiOF, Ta2C>5, and CF X . 
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(54)Title: WIRING STRUCTURE OF SEMICONDUCTOR DEVICE, ELECTRODE, AND METHOD FOR FORMING THEM 



(57) Abstract 

A wiring structure for semiconductor 
devices is characterized in that the structure is 
provided with a first conductive layer 
electrically connected to a semiconductor 
device or wiring formed on a semiconductor 
substrate, a barrier metal formed on the first 
conductive layer, and a second conductive 
layer which is formed on the barrier metal and 
electrically connected to the first conductive 
layer through the barrier metal, and the barrier 
metal is WN X (tungsten nitride) or WSi x N y 
(tungsten silicide nitride). 
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